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COMPARATIVE PERFORMANCES OF A STICK 
MACHINE AND A BUR MACHINE 
ON MACHINE-STRIPPED COTTON 

By ROY V. BAKER,i agricultural engineer, Agricultural Engineering Research 
Division, Agricultural Research Service, United States Department of 
Agriculture 

PURPOSE AND SCOPE 

Cotton gins processing stripper- 
harvested cotton are faced with 

* the difficult task of removing 
large quantities of sticks, stems, 
and burs from the incoming 
seed cotton. Inadequate removal 

- of foreign matter before ginning 
can reduce ginning capacity, in- 

" crease downtime, and contribute 
to the trashiness and bark con- 
tent of the ginned lint. To obtain 
satisfactory grades and efficient 
gin stand operation, most gins 
use seed cotton cleaning equip- 
ment specifically designed for re- 

^ moving sticks and burs. The two 
machines most commonly used 
for extracting large trash from 
stripper-harvested cotton are the 
stick machine and the bur ma- 
chine. 

The modern commercial stick 
machine derives its origin from 
the U.S. Department of Agricul- 
ture's stick remover ^ developed 
in the early 1950's. 

1 Stationed at South Plains Cotton 
Ginning Research Laboratory, Lubbock, 
Tex. 

-FRANKS, G. N., and  SHAW, C.  S. 
STICK REMOVER FOR COTTON GINS.       U.S. 

Dept. Agr., Prod. Res. Rpt. No. 22, 39 
pp. 1959. 

The bur machine is older, dat- 
ing back to the early days of 
hand-snapped and machine- 
stripped cotton. During the last 
10 years, the stick machine has 
virtually replaced the bur ma- 
chine in all cotton-producing 
areas except in areas where the 
predominant method of harvest 
is stripping. One reason for the 
continued usage of the bur ma- 
chine is that it was designed 
originally for stripper-harvested 
cotton. Consequently, it was 
widely distributed in the stripper 
areas and has been used exten- 
sively ever since. Also, many gin- 
ners have not replaced their bur 
machines because they have felt 
they were essential for the effi- 
cient cleaning of stripper cotton. 

One disadvantage of the bur 
machine is its low capacity com- 
pared with its relatively large 
size. This disadvantage is espe- 
cially apparent since the trend is 
increasing toward high-capacity 
ginning. Ginners erecting new 
plants and those remodeling their 
existing plants must decide 
whether to use more bur ma- 
chines or replace their existing 



ones with the higher capacity 
stick machines. Ginners need cur- 
rent information on the effective- 
ness of both machines to make 
these decisions. 

The purpose of this investiga- 

tion was to determine compara-* 
tive  cleaning  efficiencies  of the ^ 
stick machine and the bur ma- 
chine  for  machine-stripped  cot- 
ton    under    a    wide   range    of 4 
ginning conditions. , 

EXPERIMENTAL PROCEDURE 

The typical seed cotton clean- 
ing system for machine-stripped 
cotton consists of airline cleaner, 
inclined cleaner, bur machine, in- 
clined cleaner, and stick machine. 
Normally these machines are 
used in this sequence. Occasion- 
ally, however, the machines are 
arranged in a different sequence. 
Also, some cleaning systems do 
not contain all these machines. 
Some of the newer gins are likely 
to have two stick machines and 
no bur machine, and the older 
gins only bur machines. Since the 
stick machine and the bur machine 
can be used in a cotton gin in 
various ways, it was felt that any 
valid evaluation of the merits of 
these two machines should be 
based on comparisons at all pos- 
sible locations within the seed 
cotton cleaning sequence. In this 
experiment the comparisons were 
made at four locations by using 
the six cleaning arrangements for 
seed cotton shown in figure 1. 

At each of the test locations 
samples of seed cotton were 
taken both before and after clean- 
ing with the stick and the bur ma- 
chines. These samples were used 

to determine moisture and for- 
eign matter contents of the seed 
cotton. The weight of trash re- 
moved by both machines was also 
obtained for each comparison 
along with a trash sample that 
was used to determine losses of 
seed cotton. Appropriate lint 
samples were taken after ginning 
for standard fiber tests. 

The test cotton was processed 
through an 8-foot-wide stick ma- 
chine and a 14-foot-long bur ma- 
chine at rates of 5i/^ to 7 bales 
per hour. All the cotton was 
ginned on one gin stand at a rate ' 
of 3.7 bales per hour. The lint 
was further cleaned with two 
stages of saw-type lint cleaning. 

Cleaning arrangements for 
seed cotton were tested in a ran- 
domized order for each of six 
replications. The test cottons con- 
sisted of nine bales each of Dunn 
56-C and Paymaster 111 varie- 
ties. All nine bales of each variety 
were tested three times for a total 
of six test replications. The size 
of all 36 test lots was approx- 
imately one-half bale. 

Statistically significant differ- 
ences between the effects of the 
stick machine and the bur ma- 
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FIGURE 1.—Amount and sequence of machinery used for the six cleaning arrange- 
ments for seed cotton tested. 

chine were determined by an 
\ analysis of variance for each lo- 

cation in the experiment. All six 
replications were combined for 
these analyses. Since two cotton 
varieties were used in this experi- 
ment, ascertaining the homogene- 
ity of variances between the 

" varieties was necessary to justify 

combining them in the analysis. 
This was done using Bartlett's 
test for homogeneity of var- 
iance.^ This test was applied to 
all foreign matter and moisture 
data from samples taken before 
and after cleaning. No significant 
differences in variance between 
varieties were noted for any of 
the data. 

EXPERIMENTAL RESULTS 

Seed Cotton Moisture Content 

The average seed cotton mois- 
ture contents for all replications 
were within the range of 8.0 to 
9.3 percent (table 1). No signifi- 
cant differences were noted in the 
average seed cotton moisture con- 

tents between the stick machine 
and the bur machine for any of 
the four test locations. 

•^ STEEL, R. G. D., and TORRIE, J. H, 

PRINCIPLES AND PROCEDURES OF STATIS- 
TICS. P. 349. New York, London. 
1960. 



TABLE 1.—Seed cotton moisture contents before extraction at U tesf^ 
locations 

Replication number and  Test location  
type of extractor                                1 2 3 4 

Pet. ^ct. ¥ct. Pet. 

1: 
Stick machine 10.7 9.6 7.8 10.7 
Bur machine 10.9 9.9 8.8 9.0 

2: 
Stick machine    9.9 12.0 9.0 10.4       . 
Bur machine 12.4 11.2 9.4 9.8 

3: 
Stick machine 10.4 10.5 9.1 9.9 
Bur machine                                          10.8 11.4 9.3 9.5 

4: 
Stick machine    7.7 6.9 7.3 7.2       ^ 
Bur machine    7.3 7.1 7.1 6.8 

5: 
Stick machine   7.1 8.0 7.2 7.6 
Bur machine   6.9 7.7 7.4 7.9 

6: 
Stick machine   7.4 7.7 7.3 7.3    ^ 
Bur machine    7.6 7.1 7.5 7.5 

Average: i 
Stick machine   8.9 9.1 8.0 8.9      • 
Bur machine    9.3 9.1 8.3 8.4 

1 No significant difference between the types of extractors at the 5-percent level 
for any of the 4 locations. 

Foreign Matter Content The foreign matter contents of, 
the seed cotton before entering 

Foreign matter contents of ^^^ ^^.^^ ^„^ ^^^ y^^^ machines 
seed cotton were determined by ^^^ ^.^^^ .^ ^^^^^ 2. The total 
the fractionation method. The 
amounts of burs, sticks, and fine 
trash in the seed cotton were de- 

foreign    matter   contents    were 
approximately 32, 29, 15, and 18 

,       .     ,   ^ , 1 , percent for test locations 1, 2, 3,- termmed   for  each   sample   and ^ -r^.«. 
expressed as percentages of the ^^^  4,   respectively.   Differences 
original sample weight. The total between foreign matter contents 
trash percentage was the sum of of seed cotton entering the stick 
the percentages of these individ- machine  and  that  entering  the 
ual trash components. bur    machine    were     generally 
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small and not significant. How- 
ever, at location No. 2 the seed 
cotton entering the bur machine 
had a significantly larger amount 
of burs than the seed cotton 
cleaned by the stick machine. 
Also, at location No. 4 the stick 
content of seed cotton entering 
the stick machine was slightly 
higher than that entering the bur 
machine. 

The foreign matter contents 
after extraction (table 2) showed 
significantly lower total trash 
contents for cotton extracted by 
the stick machine than by the bur 
machine at locations 1, 2, and 4. 
The total trash content at loca- 
tion 3 was slightly lower, but not 
significantly so, for the cotton 
extracted by the stick machine. 
At locations 1, 2, and 4 the bur 
contents for cotton extracted by 
the stick machine were signifi- 
cantly lower than for the cotton 
extracted by the bur machine. At 
location 3 the difference in bur 
content was only slightly lower 
for the cotton cleaned by the stick 
machine. Differences in stick con- 
tent were small and insignificant. 
The fine trash contents tended to 
be higher for the cotton cleaned 
by the bur machine. However, 
these differences were not statis- 
tically significant. 

Cleaning Efficiency 

The cleaning efficiency, based 
on total trash removal, of the 
stick and the bur machines was 
calculated from the foreign mat- 

ter contents of seed cotton before 
and after extracting for each test * 
location  (table 3). At each loca- 
tion the stick machine obtained 
the   highest   cleaning   efficiency. ^ 
The average cleaning efficiency of ^ 
the stick machine varied from a 
low of 44.3 percent at location 4  * 
to a high of 61.8 percent at loca- 
tion 1. Under similar conditions, 
the average cleaning efficiency of * 
the bur machine varied from 22.9 ♦ 
percent at location 4 to 50.8 per- 
cent at location 2. Differences be-  ' 
tween the cleaning efficiencies of 
the   two   machines   were   statis- 
tically significant at locations  1 
and  4.  Even though the  diflfer- ^ 
enees  in  cleaning  eflSciencies  at 
locations 2 and 3 were not statis- 
tically    significant,    they    were 
thought to be real differences be- 
cause (a) at location 2 the higher 
level of burs in the seed cotton ^ 
entering the bur machine tended ^ 
to  inflate  its cleaning  efficiency 
at that point, and  (b)  the frac- 
tionation   data   from  which  the 
efficiencies  were  calculated  was 
variable   and   consequently   only * 
large differences in cleaning efR- ^ 
ciencies were significant. 

The cleaning efficiency of each 
machine was found to be a func- 
tion of the foreign matter content 
of the seed cotton before extract- ' 
ing (fig. 2). Within the limits of * 
this experiment the following 
linear regression equations ad- 
equately describe this relation- 
ship : Stick machine, Y = 29.4 + 
0.97 X; bur machine, Y = 4.2 + 
1.41 X. 
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Y = Cleaning efficiency, per- 
cent. 

X = Foreign matter content, 
percent. 

^- These two equations indicate 
that (1) the stick machine op- 
erated at higher cleaning effi- 
ciencies than the bur machine for 
the range of foreign matter con- 
tents tested, and (2) the bur 

"^ machine was more sensitive than 
the stick machine to changes in 
foreign matter contents of the in- 
coming seed cotton. 

^      Amount of Trash Extracted 

The amount of trash removed 
by each machine was determined 
by weighing all the trash ex- 
tracted from each i/^-bale test lot 
(appendix table 9). The stick 
machine extracted 207.8, 202.7, 

A 54.7, and 73.3 pounds of trash 
per 1/2-bale test lot at locations 1, 
2, 3, and 4, while at these same 
locations the bur machine ex- 
tracted 147.2, 144.5, 37.2, and 
36.0 pounds   (fig.  3).  The stick 

♦ machine extracted significantly 
larger amounts of trash than the 
bur machine at all four test loca- 
tions. 

Changes in bur, stick, and fine 
trash contents due to extraction 

^ with a stick machine and a bur 
machine are shown in figure 4. 
These graphs were constructed 
by using the foreign matter de- 
terminations before and after ex- 
traction and the weights of trash 

* removed by each machine at the 
four test locations. Again, these 

graphs are averages of all six 
test replications and are ex- 
pressed in pounds of trash per 
bale of seed cotton. A few of the 
weights were adjusted to com- 
pensate for slight differences in 
trash content of the seed cotton 
before extraction. 

These graphs show that less 
burs, sticks, and fine trash re- 
mained in the seed cotton after 
extraction with the stick than 
with the bur machine at all four 
locations. The greatest reduction 
in both burs and sticks occurred 
at the first location using the 
stick machine. The bur machine 
did its most efficient cleaning at 
location 2. The stick machine re- 
duced fine trash content slightly 
at each location while the bur 
machine increased the amount of 
fine trash at all four locations. 
This was apparently due to pul- 
verization of the larger trash 
particles within the bur machine. 

Less trash remained in the 
seed cotton after cleaning at the 
third location than at the fourth 
location. This occurred even 
though more equipment was used 
before the fourth location. Ten 
cylinders of cleaning and a stick 
machine were used on seed cotton 
before the third location while 16 
cylinders of cleaning and a bur 
machine were used before the 
fourth location. 

Fiber Properties 

One cleaning arrangement 
tested for seed cotton contained 
16 cylinders of cleaning and two 
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stick machines and another, 16 
cylinders of cleaning and two bur 
machines. Selected fiber proper- 
ties of lint from these two clean- 
ing treatments are compared in 
table 4. Differences in seed cotton 
cleaning machinery were not re- 
ñected in any of the following 
measurements : ( 1 ) 2.5-percent 
span length, (2) 50-percent span 
length, (3) lint-moisture content, 
(4) grade index, or (5) classeras 
staple. The percentage of nonlint 

before lint cleaning was highest 
for the cleaning arrangement 
using bur machines. However, 
two stages of lint cleaning elim- 
inated these differences in per- 
centage of nonlint. 

Seed Cotton Losses 

Samples of trash extracted by 
the stick machine and bur ma- 
chine were taken at locations 1 
and 3 and analyzed for seed cot- 
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ton content to obtain a measure 
of the seed cotton losses by each 
machine (table 5). These data 
along with that of trash weight 
were used to calculate the pounds 
of seed cotton lost from a bale of 
cotton by each machine. Equiva- 
lent lint losses were determined 

by multiplying the seed cotton 
weights by the constant 0.33. At 
location 1 the stick machine lost 
approximately 12 pounds of lint 
per bale while the bur machine 
lost only 11/2 pounds. At location 
3 these losses were less than % 
pound for each machine. 
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FIGURE 4.—Trash contents of seed cotton before and  after extraction  with  a 
stick machine and a bur machine for four test locations. 
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TABLE 4.—Fiber properties of Dunn 56-C and Paymaster 111 cotton, 
before and after cleaning by 2 cleaning machinery arrangements 

Fiber property 
16 cylinders and 

Unit     2 stick machines 
16 cylinders and 
2 bur machines 

Dunn 
56-C 

Paymaster 
111 

Dunn 
56-C 

Paymaster 
111 

Before lint cleaning: 
Nonlint    Percent 12.3 6.0 13.2 7.2 
2.5-percent span length  Inch 1.15 1.05 1.15 1.06 
50-percent span length  Do. .51 .47 .52 .47 

After 2 stages of lint cleaning: 
Nonlint    Percent 5.0 2.5 4.8 2.9 
2.5-percent span length  Inch 1.11 1.01 1.10 1.03 
50-percent span length  Do. .45 .45 .45 .45 
Moisture content  Percent 5.3 7.6 5.4 7.8 
Grade     Index 79.0 89.0 76.0 89.3 
Classeras staple  32d inch 34.0 31.7 33.7 31.3 

TABLE 5.—Seed cotton losses by the stick machine and the bur machine 
at 2 test locations ^ 

Location and type 
of extractor 

Amount of 
seed cotton 

in trash 

Losses per bale 
Seed 

cotton Lint 

Lb. Lb. 

35.8 11.9 
4.6 1.5 

2.2 .7 
.4 .2 

Pet. 
No. 1: 

Stick machine   9.6 
Bur machine    1.3 

No. 3: 
Stick machine    1.6 
Bur machine    .7 

1 Average of 6 replications. 

SUMMARY AND CONCLUSIONS 

Experiments were conducted 
during the 1969 harvest season to 
determine which conventional ex- 
tractor, the stick machine or the 
bur machine, was most effective 
for cleaning stripper-harvested 
cotton. Eighteen bales of test cot- 

ton, nine from each of two com- 
mon stripper varieties, were 
divided into 36 test lots. Half the 
lots were processed through an 
8-foot stick machine and half 
through a 14-foot bur machine at 
rates of approximately six bales 
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per hour. In these tests the clean- 
ing efficiency and weight of trash 
removed were determined for 
each machine at four locations 
within the seed cotton cleaning 
sequence of a typical stripper 
cotton ginning system. 

The results of this experiment 
indicated that— 

1. The stick machine removed 
more burs, sticks, and fine trash 
than the bur machine at all four 
test locations. 

2. Increases in the cleaning 
efficiencies of both the stick ma- 
chine and the bur machine were 
directly  related  to  increases  in 

the   foreign   matter   content   of 
seed cotton. 

3. Excessive quantities of cot- 
ton were lost by the stick machine 
when it was used as the first ma- 
chine in the cleaning sequence. 

4. The bur machine pulverized 
some of the larger trash particles 
and produced more fine trash 
than it removed. 

5. No differences were detected 
in the 2.5-percent span length, 
50-percent span length, grade in- 
dex, or classer's staple length 
when cotton from the stick ma- 
chine and the bur machine was 
compared. 

APPENDIX 

TABLE 6.—Results from analyses of variance for differences in the 
cleaning performances between a stick machine and a bur machine 

F values and significance tests for the 
Item listed items at the 4 test locations i 

ÑO No. 2 No. 3 No. 4 

Moisture content  1.11 NS 0.04 NS 3.46 NS 2.19 NS 
Foreign matter content 

before extraction: 
Bur content  .38 NS 18.94 ** 1.12 NS 1.88 NS 
Stick content  .65 NS 1.88 NS 1.19 NS 28.81 ** 
Fine trash content  5.76 NS 1.98 NS .04 NS 2.53 NS 
Total trash content  2.22 NS 6.94 ♦ 1.10 NS 2.67 NS 

Foreign matter content 
after extraction: 

Bur content  7.38 * 16.09 * 2.06 NS 37.07 ** 
Stick content  2.04 NS           .69 NS .31 NS .99 NS 
Fine trash content  4.09 NS         3.90 NS 4.52 NS .07 NS 
Total trash content  94.36 ** 23.96 ** 3.01 NS 23.06 ♦* 

Cleaning efficiency  52.27 **           3.87 NS 4.74 NS 20.41 ** 
Trash extracted  24.61 ** 29.14 ** 63.14 ** 142.55 ** 

1 Values of F required for significance at the 5- and 1-percent levels are 6.61 
and 16.26, respectively. * = significance at the 5-percent level; ** = significance 
at the 1-percent level; NS = not significant at the 5-percent level. 
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TABLE 7.—Foreign mattei' contents of seed cotton before extraction 
with a stick and a bur machine, U test locations 

Replication and 
type of foreign Location 1 Location 2 Location 3 Location 4 

matter Stick Bur Stick Bur Stick Bur Stick Bur 

1: 
Burs     

Pet. Pet. Pet. Pet. Pet. Pet. Pet. Pet. 

23.0 20.7 20.6 22.1 9.6 9.3 11.3 12.6 
Sticks     5.5 4.8 5.4 3.7 3.0 3.5 4.1 3.8 
Fine     7.0 7.1 4.9 5.2 4.4 4.7 4.9 3.2 

Total  35.5 32.6 30.9 31.0 17.0 17.5 20.3 19.6 

2: 
Burs     20.8 20.9 21.2 22.9 9.6 7.5 13.6 12.6 
Sticks     5.3 6.4 6.1 5.9 3.9 3.7 6.2 5.4 
Fine     6.8 6.7 4.1 3.8 4.5 4.6 4.3 4.1 

Total  32.9 34.0 31.4 32.6 18.0 15.8 24.1 22.1 

3: 
Burs     22.3 22.0 19.4 21.8 10.1 9.1 12.2 12.3 
Sticks     3.4 4.5 2.8 3.1 1.9 1.7 3.5 2.9 
Fine     6.3 5.8 5.3 3.4 4.6 5.2 4.1 4.7 

Total  32.0 32.3 27.5 28.3 16.6 16.0 19.8 19.9 

4: 
Burs     19.3 23.2 16.6 22.4 6.2 8.3 7.6 9.1 
Sticks     6.3 4.1 4.1 3.0 2.2 1.5 3.2 2.4 
Fine     6.4 5.4 4.3 3.1 3.4 3.4 3.1 3.3 

Total  32.0 32.7 25.0 28.5 11.8 13.2 13.9 14.8 

5: 
Burs     21.3 19.3 16.2 19.8 6.6 6.8 8.2 9.1 
Sticks     5.8 4.5 7.4 4.3 2.4 2.5 4.1 3.9 
Fine     5.4 5.0 4.6 5.5 3.1 2.9 4.4 2.5 

Total  32.5 28.8 28.2 29.6 12.1 12.2 16.7 15.5 

6: 
Burs     20.9 17.6 17.5 23.3 11.6 5.6 6.7 7.0 
Sticks     5.1 4.5 3.4 4.3 2.9 2.1 3.9 3.3 
Fine     6.0 4.6 4.4 2.7 3.0 2.4 3.7 2.7 

Total  32.0 26.7 25.3 30.3 17.5 10.1 14.3 13.0 

Average, all 
replications : 

Burs     21.27 20.62 18.58 22.05 8.95 7.77 9.93 10.45 
Sticks     5.23 4.80 4.87 4.05 2.72 2.50 4.17 3.62 
Fine     6.32 5.77 4.60 3.95 3.83 3.87 4.08 3.42 

Total  32.82 31.18 28.05 30.05 15.50 14.13 18.18 17.48 
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TABLE 8.—Foreign matter contents of seed cotton after extraction 
with a stick and a bur machine, U test locations 

Replication and 
type of foreign Location 1 Location 2 Location 3 Location 4 

matter Stick Bur Stick Bur Stick Bur Stick Bur 

Pet. Pet Pet. Pet. Pet. Pet. Pet. Pet. 
1: 

Burs     9.4 8.8 8.3 9.5 4.8 3.5 6.0 7.9 
Sticks     3.1 4.1 3.3 3.2 1.8 1.8 2.8 2.6 
Fine     4.9 8.1 6.0 6.7 5.5 5.6 5.3 4.9 

Total  17.4 21.0 17.6 19.4 12.1 10.9 14.1 15.4 

2: 
Burs     9.4 12.9 8.7 11.1 4.1 5.7 6.7 9.7 
Sticks     4.9 4.6 5.0 3.8 2.2 2.2 4.1 3.5 
Fine     5.7 6.4 4.3 6.7 4.3 5.2 4.9 6.4 

Total  20.0 23.9 18.0 21.6 10.6 13.1 15.7 19.6 

3: 
Burs     9.7 11.1 9.1 12.6 5.0 7.9 5.9 8.0 
Sticks     2.6 3.7 1.8 2.2 1.5 1.2 2.0 1.9 
Fine     5.5 8.6 5.2 6.3 4.2 5.3 4.9 4.8 

Total  17.8 23.4 16.1 21.1 10.7 14.4 12.8 14.7 

4: 
Burs     4.7 7.6 6.0 6.0 2.1 2.0 2.8 5.5 
Sticks     3.6 2.7 2.0 2.6 1.4 .7 1.3 1.8 
Fine     4.9 6.4 3.5 5.7 3.3 4.2 3.3 3.3 

Total  13.2 16.7 11.5 14.3 6.8 6.9 7.4 10.6 

5: 
Burs     4.0 8.9 5.3 7.8 2.3 3.0 3.2 7.9 
Sticks     3.3 4.4 3.1 2.8 1.6 1.8 2.2 3.0 
Fine     5.5 4.4 4.9 4.2 2.9 2.5 3.6 3.3 

Total  12.8 17.7 13.3 14.8 6.8 7.3 9.0 14.2 

6: 
Burs     5.8 6.8 4.7 7.1 1.8 3.1 2.6 4.4 
Sticks     1.9 3.0 3.3 2.5 1.4 1.7 1.6 3.0 
Fine     5.1 5.8 3.1 3.2 2.8 3.2 3.9 2.6 

Total  12.8 15.6 11.1 12.8 6.0 8.0 8.1 10.0 

Average, all 
replications : 

Burs     7.17 9.35 7.02 9.02 3.35 4.20 4.53 7.23 
Sticks     3.23 3.75 3.08 2.85 1.65 1.57 2.33 2.63 
Fine     5.27 6.62 4.50 5.47 3.83 4.33 4.32 4.22 

Total  15.67 19.72 14.60 17.33 8.83 10.10 11.18 14.08 
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TABLE 9.—Weights of trash extracted by the stick machine and the 
bur machine from y2'bale test lots 

Replication number and  Location number  
type of extractor 12 3 4 

Lb. Lb. Lb. Lb. 

1: 
Stick machine   156      223      64      84 
Bur machine   152      138      42      38 

2: 
Stick machine   227      235      59      81 
Bur machine    156      168      34      45 

3: 
Stick machine    235      227      59      90 
Bur machine    146      139      40      45 

4: 
Stick machine   227      185      52      60 
Bur machine    173      135      40      35 

5: 
Stick machine   210      187      48      68 
Bur machine    134      151      33      33 

6: 
Stick machine    192      159      46      57 
Bur machine    122      136      34      20 

Averages : 
Stick machine       207.8 202.7 54.7 73.3 
Bur machine         147.2**        144.5**        37.2**        36.0** 

** = Significant difference at the 1-percent level. 
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